Skin Exfoliation And Purulent Conjunctivitis In A New Mutant—The Exfoliative Mouse  by Kent, Robert L. et al.
THE JOUKNAL OF I /'IVEST1GAT1\'E DERMATOLOG\· . 66 :248 - 2 51 . 1976 
Copyright ® 1976 by The Williams & Wilkins Co. 
Vol. 66, No. 4 
Printed in U.S.A . 
SKIN EXFOLIATION AND PURULENT CONJUNCTIVITIS IN A NEW 
MUTANT-THE EXFOLIATIVE MOUSE 
ROBERT L. KENT, B.A .. MARVIN A . L UTZNER. M.D .. AND KITTY P . SMITH , PH.D. 
DermatoLogy Bronch, National Cancer Institute (RLK, MAL) , and Veterinary Resources Branch. Diuision of 
Research Services (KPS). National Institutes of Health, Bethesda. Mary land. U. S. A. 
A spontaneous autosomal recessive mutation has been named t he exfoliative mouse 
(genotype ex /ex) . Exfoliat.ive mice suffer a t ransient purulent conjunctivit.is in their 3rd week 
and an exfoliative skin disease in their 4th week. Gram -negative bacilli are present in blood 
and cerebrospinal fluid during the conjunctivitis stage, and in skin during the exfoliative 
period. The mutant can be differentiated from the ichthyotic mouse mutant. 
A spontaneous mutation occurred in the AY 
viable-yellow inbred mouse strain in 1967 [1] 
which genetic segregation ratios. indicated as a 
single. autosomal recessive gene. This mutant 
mouse develops a transient purulent conjuncti. 
vitis in the 3rd week and an exfoliative skin dis-
ease in the 4th week : survivors regrow an abnor-
mal hair coat. We have named this new mutant 
the exfoliative mouse (genotype ex/ex). 
Low productivity in the AY strain prompted 
crossing of the gene ex onto the C ,H/HeN -MTY-
strain 11 J. .A.fter three cycles of intercrossing 
(backcrossing and intercrossing) the phenotypic 
expression of the gene ex has not changed sign ifi· 
cantly. 
In this study the appearance, microflora, and 
histologic expression of the gene ex in the exfolia· 
tive mutant have been examined. 
MATERIALS A:'>ID METH ODS 
Gross examination 01 th e skin and hair coat. A large 
number of exfoliative (ex /ex ) mice and their normal 
controls (unaffected Iitterrnates) were ether anesthetized 
and examined under the dissecting microscope. Plucked 
hair sa mples were taken from homozygotes and controls 
on various days through the 5th week and examined 
under the light microscope. 
Tissue microscopy. Exfoliat ive mice at var ious stages 
in the disease were sacrificed . Skin samples were fixed in 
6% phosphate·buffered glutaraldehyde for 2 hr . washed 
overnight in buffer, postfixed in 1 % buffered osmium 
tetroxide for 1 hr, dehydrated, and embedded in epoxy 
resin . Sections (l ~ in th ickness) for light microscopy 
were stained with Azure II , and thin sections for electron 
microscopy were stained with uranyl acetate and lead 
citrate. 
M icrol lora examinat ion. Skin and eyelids were excised 
from 8 ex mice in the purulent conjunctivits stage. 
exfoliative stage. and adulthood and from an equal 
number of age· matched controls . Blood from the heart 
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and cerebrospinal fluid from the cisterna magna were 
drawn asept.ically by sterile syringe from all mice. All 
samples were spread and sireaked on T ryptose (Difeo) 
blood aga r plate!' (enriched with 5% defibr inated sheep 
blood ). All culture plat.es were incubated for 48 hr a t 37°C 
and examined by standard microbiologic methods [2]. 
RESUTS 
Description. (see Table J) 
The exfoliative mice and their control litter-
mates developed normally until day 13 when their 
eyes opened . Within 24 hr the mutants' eyes were 
reclosed because of lid edema. A creamy. whit.e 
exudate filled the eyes and the swollen eyelids wept 
durin~ the next 3 days (Fig. 1). The mutants' hair 
coat became ruffled and scruffy compared to the 
smooth, shiny hair coat of littermate controls. The 
active exploratory behavior of control mice con-
trasted during this period with th e lethargy of the 
mutant mice who spent much time rubbing fore-
paws over their heads and fa ces. Days 18 and 19 
were cri t ical sin ce as many as 40% of the mutants 
died during this period . Survivors had open and 
normally fun ctioning eyes. 
In these survivors. a hairless ring circumscribed 
each eye as the mutant continued to rub its fa ce 
with its forepaws. During the 4th week a sequence 
of hair loss and scaling spread caudally over t he 
mutant. The hairless regions a bout the eyes ex-
panded to include the forehead and limbs. Large 
scales of dried epidermis. with hair attached , 
flaked off the skin surface (Figs . 2, 3) to leave a 
noninflamed. denuded skin . The nails , tail. and 
vibrissae remained normal and unaffected . The 
ex.foliation spread rapidly over the enti re body 
while the animals continued to scratch excessively. 
The desquamated. 4-week-old, now-naked mice 
(Fig. 4) had an irregular gait which subsided in a 
sh ort period of time . By day 31 the skin began to 
darken as pigmented hair regrowth ensued. This 
new hai r COBt consisted of dense. short . rough hair 
which appeared " fuzzy ." Adult exfoliative mice 
were subject to recurr ing patches of hair loss and 
transient eyelid swelling. 
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'fA8l.E 1. Chronology 01 abnormal fealures in the 
exfoliative (ex) mouse 
Day" 
0- 12 
13 
14 
15- 17 
18- 19 
20 
21 - 28 
29- 30 
31-38 
adult 
Q ± I day 
Characteristk fea ture 
Normal development 
Eyes opened normally 
Eyelids swollen shut 
Purulent conjunctivitis 
Reduced viability 
Eyes open with ci rcumocular ha ir loss 
Hair loss spreads; exfoliative period 
Naked 
Hai r regrowth 
Recurrent patches of hair loss and 
transient eyelid swelling 
FIG. 1. Exudation and swollen eyelid characteristic of 
the ex mouse 's purulent conjunctivitis . 
Hai r samples plucked from the various stages of 
the exfoliative mouse showed : (1 ) a normal hair 
coat of awl. a uchene. monotrich. and zigzag ha irs 
13 J before exfoliation. (2) principally monolri ch 
hairs remained after exfolialion. and (3) fewer awls 
in the hair-thinned patches of the regrown adult 
hair coat. 
Exfoliative mice weighed from 5 (0 lDl'lit less than 
their control litt.ermates during the 3rd and 4th 
weeks. but adult weights were norma1. Mutant 
mice were fe rtile . 
Hist. ology 
kin of the ex mouse during the exfoliative 
period showed thickening of the stratum corneum 
(hyperkeratosis) (Figs. 5- 81. occasionally pa raker-
atosis (Fig . 51. and thickening of the stratum 
granulosum and stratum spinosum {Figs. 5- 7l. 
The ret.e ridge pattern was also more prominent 
than control skin (acan thosis) (Fig. 5). During 
exfoliation. the thick laminat.ed horny layer with 
hair attached sheared off a t a level just above the 
granular layer as 8 sheet or scale. There were 
numerous vacuoles withing the desquamated stra -
tum corneum cells and in cells within hair shaft 
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remnants (Figs. 7- 8), A massive dermal infil t rate 
was also evident (Fig. 5) , consisting of some mast 
cells and neutrophiles. but primarily lymphocytes 
and macrophages. No invasion of hair follicles was 
noted . 
Electron microscopy of the mutants) skin during 
the exfoliat.ive period revealed a hyperkeratotic. 
laminated straLUm corneum (Figs. i. 8). Indi vidual 
stratum corneum cells appeared normal except for 
an excessive number of vacuoles, most common in 
the outermost layer (Fig. 8). A nidus of bacteria 
was found in several exfoliated scales (Fig. 9). 
Each bacterium was surrounded by an electron-
lucid material. No other abnormalities of the 
epidermis were noted with the electron microscope. 
M icrob iology 
Gram·negative bacteria were only found in the 
ex mutants' blood. cerebrospinal fluid. and eyelids 
during the purulent conjuctivitis stage, and onl y 
appeared in sC8ling skin during the desquam ative 
stage. Proteus mirabilis was identified in the eyes 
of 75% of the mutant animals and Iinterobacter 
aerogenes was identified in 25%. In bot.h mut ant 
and control adults occasional Proteus m irabilis 
were grown from skin . 
D1SCUSS101\ 
Although many hairless genelic diseases have 
been described in mice 14.5 J. only one recorded 
FIGS. 2 and ·3. Scaling in the exfoliat ive mouse. The 
dry, flaking epiderm is is shed along with the attached 
hair in forms ra nging from large sheets (Fig. 2) to many 
small scales (Fig. 3). 
FIG. 4. Naked mouse after exfoliation. A few body hairs 
remain and the vibrissae and nails are unaffected'. 
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FIG. 5. Ex mouse skin (0) during the exfoliative period showing t.hickened stratum corneum, granulosum, and 
spinosum. The stratum corneum is parakeratotic . Thickening of t.he epidermis. a prominent rete ridge pattern. and a 
dermal infiltrate are evident when compared to normal mouse skin (b) (x tOO), 
FIC. 6. Sloughed, dry scale of ex mouse, Note adjacent hair shaft remnant (arrow) and numerous vacuoles in 
laminated scale ( x 800) . 
FTG . 7. Hyperkeratotic. laminated stratum corneum and uppe r stratum granulosum of ex mutant skin during the 
exfoliative period ( x 1200) . 
FIG . 8. Numerous vacuoles in the stratum corneum of mutan t sk in during exfoliation ( x 2500). 
FIG . 9. Nidus of bacteria, found in several exfoliated scales. Bacteria appear surrounded by a matrix ( x 9500) . 
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TABLE II . Comparison of mutant m.ice 
Trait Exfoliat.ive {ex/ex) Ichthyosis tic/ic)Q 
Vibrissae 
First hair CQat 
Eye problems 
Exfoliation 
Nails 
Tail 
Normal 
Normal 
Conjunctivitis 
4th Week 
Normal 
Unaffected 
Short and curled 
Abnormal (thin) 
None 
3rd and 4th Week 
May curl (spiral ) 
Necrotic 
Reduced viability 
Fertility 
Before desquamation 
Fertile 
During desquamation 
lnfertile 
o Based on {61 
mutant, the ichthyotic mouse (iclic) [6], resembles 
the exfoliative mouse . In addition to hair loss and 
scaling, the ichthyot ic mutant has curled vibrissae, 
a necrotic tail, and reduced viability during its 
scaling phase. The ichthyotic mouse has no conjuc-
tivitis (Tab. II ). In comparison , the ex mouse 
develops normally until the 3rd week when it is 
stricken with a t ransien t purulent conjunctivitis. 
Reduced viability in the ex mouse at this time is 
probably due to septic shock caused by the 
Gram ~negative bacteria present in the blood and 
cerebrospinal fluid. During the 4th week the ex 
mouse exfoliates . Large scales of hyperkeratotic 
stratum corneum with hair attached shear off just 
above the granular layer. Hai r loss begins around 
the eyes and spreads acroSs the entire body in a 
cephalocaudal direction. The exfoliative mouse 
remains viable th roughout the desquamation in 
contrast to the ichthyotic mouse which may die in 
the scal in g- period. A short. rough hair coat is 
regrown in the ex mouse and adults are fertile . The 
vibrissae. nails. and tail remain unaffected in 
contrast to the ichthyotic mouse. 
Histologically, the sca ling skin of the exfoliative 
mouse most resembles lamellar ichthyosis in hu~ 
mans 17 J. The exfoliative mouse 's stratum cor ~ 
neum is hyperkeratotic with occasional parakera-
tosis noted; the stratum granulosum and st ratum 
spinosum are thick; rete ridges are acanthotic: and 
there is a marked dermal infiltrate. However. the 
ex mouse 's skin is not erythrodermic as occurs in 
human lamellar ichthyosis. In view of the occa-
s ional skin areas in t.he mutant which showed 
parakeratosis, the ichthyotic abnormality. psoria-
siform erythroderma [8], was considered as the 
human counterpart of t.he ex mouse. However, 
since parakeratosis was not commonly seen , this 
seems unlikely. 
The role of infection in the pathogenesis of the 
clinical picture in these mutant mice is currently 
being explored by use of a germ-free environment 
and antibiotic therapy. One might speculate that 
there is an epidermal abnormality which predis-
poses the skin to exfoliation and subsequent bacte-
rial invasion , or that the animal might have an 
immunodeficiency or a granulocytic abnormality 
which might predispose it to bacterial infection 
with secondary skin a.nd hair involvement. The 
molecular events which relate the mutant gene ex 
to the purulent conjunctivitis and desquamation 
remain u.nknown . 
Wt> wish to acknowledge the invaluable photographic 
a..o;sistance of Mr. Harry G. Schaefer in this study. 
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